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E INFO ABSTRACT 
The present study aimed to determine the phytoconstituent compositions of the leaves of four Ziziphus
jujuba ecotypes (Choutrana, Mahdia, Mahres and Sfax). The chromatographie peaks of 18 compounds, 
including nine major fatty acids, live sterols, two triterpene alcohols and two methysterols, were quan­
tified by the capillary gaseous chromatography method. The major fatty acids identified were linolenic 
( 42.04%) and palmitic (23.04%). Unsaturated fatty acids ranged between 53% and 60%. The predominant 
sterols (mg/100 g) were 13-sitosterol ( 4036) and stigmasterol (24. 18). Cycloartenol (68.55 mg/100 g) and 
citrostadienol (12.27 mg/lOOg) were the major metylsterols. Methylene cydoartanol ranged between 
1.2 mg/100 g (Sfax) and 1.5 mg/100 g (Mahdia). Total phenolic content measured by Folin-ciocalteux 
ranged from 3.97 mg GAE/g to 6.04 mg GAE/g. The predominant flavonoids identified by HPLC were 
apigenin (6.1 mg/g) and rutin (1.91 mg/g). 
The fatty acids and flavonoids in the Z. jujuba leaves were responsible for their therapeutic and phar­
maceutical effects. This could explain whyTunisian people traditionally use it as medicine to treat several 
pathologies. 
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dBowen-forbes et al., 2009; Liu et al., 2010). Triterpenic acids were
solated from Ziziphus leaves by Guo et al. (2011).
Polyphenols have been shown to have antimicrobial, anti-
nﬂammatory, antitumor and anti-sweet effects (Selloum et al.,
003; Guo et al., 2011; Morado-Castillo et al., 2014). Flavonoids
ere identiﬁed in Z. jujuba leaf extracts (Guo et al., 2011; Pei et al.,
011). In Tunisia, the chemical composition of Z. jujuba leaves used
s anherbal tea havehardly been studied.Hence, therewas a strong
eed to thoroughly analyze the bioactive components of Z. jujuba
eaves.
The present studywas undertaken to investigate the fatty acids,
terols, metylsterols, triterpene alcohols and the polyphenol com-
osition of the leaves of four Z. jujuba ecotypes (Sfax, Choutrana,
ahres and Mahdia) harvested in Tunisia.
. Materials and methods
.1. Plant material
Z. jujuba leaves (Fig. 1) were collected in August 2010 (the
aximum foliation period) from 5-year-old plants cultivated in
he experimental station of “Rouhia” in northwestern Tunisia
35◦40′–15.39′ ′N; longitude 9◦0.3′–15.29′ ′E; altitude 636m). Plant
otanical identiﬁcation was carried out by a Professor Mohamed
oussaid and a voucher sample was deposited at the Herbario of
he National Institute for Research in Rural Engineering,Water and
orests (INRGREF) in Tunisia. Dried leaveswere ﬁrst ground using a
ill equippedwith a gridwith holes 1.00mm in diameter and then
tored in plastic bags until chemical analysis could be done in the
NSCIACET Laboratory, France.
.2. Methods
.2.1. Reagents and standards
All solvents used in this experiment were purchased from
igma–Aldrich (Steinheim, Germany) and used as received,
amely: tert-butyl-methyl ether (TBME), cyclohexane; KOH; N-
ethyl-N-trimethylethylsilyl-heptaﬂuorobutyramide (MSHFBA);
ihydrocholesterol; chloroform; homologous fatty acids and
terols, rutin and apigenin standards.
.2.2. Lipid extractions
The dried and powdered leaves were Soxhlet-extracted with
ylohexane for 6h. The extract, concentrated under reduced pres-
ure using a rotary evaporator at 60 ◦C, was kept in darkness at 4 ◦C
ntil analysis..2.2.1. Fatty acids extraction. Fatty acids (FAs) were extracted in
uplicate according the procedure used by Macherey Nagel of
issolving 20mg of oils in 1ml of TBME (Trimethylsulfonium
Fig. 1. Z. jujuba leaves cultivated in the exphydroxide) solvent. Next, 50L of reagentswere added to 100L of
this solution. This methylation with TMSH was recommended for
free acids, chlorophenoxycarboxylic acids, their salts and deriva-
tives aswell as for phenols and chlorophenols (Butte, 1983) in order
to simplify the sample preparation. Lipids or triglycerides could be
converted to the corresponding fatty acid methyl esters (FAMEs)
by a simple transesteriﬁcation. This reaction was very convenient,
because only the reagent (0.2M of methanol) was added to the
sample solution. No excess reagent had to be removed since pyrol-
ysis to volatilizemethanol and dimethylsulﬁdewill occur in the gas
chromatograph injector at 250 ◦C. Due to the high reactivity, com-
plete derivatization was often obtained at ambient temperature.
However, heating (10min at 100 ◦C) in a closed sample vial may be
necessary.
2.2.2.2. Sterol extraction. Unsaponiﬁable compounds and sterols
were extracted according to the method used by Elaloui et al.
(2014a,b). 100g of dihydrocholesterol (internal standard dis-
solved in chloroform) was added to 140mg of oil and mixed with
3mL of a KOH solution (1M in ethanol). After heating at 75 ◦C for
30min, 1mL of distilledwater and 6mLof isohexanewere added to
the mixture. The unsaponiﬁable fraction, separated by the isohex-
ane, was analyzed by GC (Sriti et al., 2011). 160L of the organic
phase containing the sample was added to 40L of silylation
reagent (1mL N-methyl-N-trimethylsilyl-heptaﬂuorobutyramide
(MSHFBA)) and 50L of 1-methylimidazole. Aftermixing, the total
extract was heated for 5min at 103 ◦C before GC analysis. The
extractions were carried out in duplicate.
2.2.3. Polyphenol compounds
The contents of total phenolic compounds of extracts from four
ecotypes of Z. jujuba leaves were assayed following the Single-
ton’s method, slightly modiﬁed by Dewanto et al. (2002). Levels
were expressed as mg of gallic acid equivalents per gram of dry
weight (mg GAE/g DW), using gallic acid as a standard. So, we pre-
pared dilutions (0–100mg/L) from gallic acid (2 g/L) solution. Then
we added an aliquot (0.125mL) of a suitable diluted methano-
lic leaf extract to 0.5mL of deionized water and 0.125mL of the
Folin–Ciocalteu reagent. The mixture was shaken and allowed to
stand for 6min before adding 1.25mL of 7% Na2CO3 solution. The
solution was then adjusted with deionized water to a ﬁnal vol-
ume of 3mL and mixed thoroughly. The absorption was carried
out in triplicate using a SHIMADZU UV-1800 spectrophotometer at
760nm after incubation for 90min at 23 ◦C.
Dilutionsweremade in duplicate andphenolic levelsweremea-
sured after a calibration curve.2.2.4. HPLC analysis
The powdered leaves (2.5mg) were submitted to maceration
for 6h with acetone–water (4:1, v/v) at room temperature. The
erimental station in Rouhia, Tunisia.
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Fig. 2. Oil yields (%) of four Tunisian Ziziphus jujuba provenance (EC; EM; EH; ES).
EC: Choutrana; EM:Mahdia; EH:Mahres; ES: Sfax. The data aremean values of three
measurements. Conﬁdence intervals were calculated at the threshold of 5%.cetonic extract was then ﬁltered and a second maceration was
one. The supernatants were combined and the acetone was evap-
ratedat40 ◦C inavacuum.The solutionwasﬁltratedwith0.45mm
ore-sized membrane ﬁlters (Vivascience AG, Hanover, Germany)
efore HPLC injection. Investigated components were identiﬁed by
omparing their retention timeswith those obtained from injecting
tandards under the same conditions. The extractions were carried
ut in duplicate.
.2.5. Analysis conditions
FA was analyzed, in triplicate, using a capillary gaseous chro-
atography Varian (CPG). The mixture was injected directly. The
emperature of the injector had to be at least 250 ◦C. The column
sed was Select CB for FAME fused silica WCOT (50m×0.25mm,
.25m ﬁlm thickness). The temperature gradient was 185 ◦C for
0min, then 15 ◦C/min to 250 ◦C, and 250 ◦C for 10min. The anal-
sis time was 55min. The FID detector was set up at 250 ◦C. The
elium was the carrier gas at 1.2mL/min.
SterolwasanalyzedbyGCusingaﬂame ionizationdetector (FID)
erkinElmer (Waltham, MA, USA) chromatograph. A CP-SIL 8CB
apillary column (30m; 0.25mm; 0.25m) was used. The column
ven temperaturewas set at a rate of 20 ◦C/min from 160 to 260 ◦C,
◦Cmin−1 up to 300 ◦C and 45 ◦Cmin−1 up to 350 ◦C. The quan-
ity of injected sample was 1L. Helium was the carrier gas with a
ow of 1mL/min (using on column injection). The detector was set
t 360 ◦C with an injection volume of 1L. The compounds were
dentiﬁed by comparing them to the commercial standards. Sterols
ere quantiﬁed by internal calibration after adding cholestanol.
he sterols analyzed and cholestanol were observed to respond in
he same way.
Rutin and apigenin analyses were carried out via HPLC DIONEX
P680-ASI 8100-Agilent). They were separated using a C18 column
5m, 4.6mm×150mm).
The eluent was amixture of 3% acetic acid (in water) (solvent A)
nd 100% methanol (solvent B). The ﬁrst time, HPLC was stabilized
o 20% (B) in 10min, then increased from 60% at 28min to 80% at
min. Elution was done at a ﬂow rate of 0.8ml/min. Compounds
ere identiﬁed by comparing them to the commercial standards.
he column was washed between two successive injections with
ethanol. Results were expressed in mg/g dry weight.
.2.6. Statistical analysis
Results were statistically evaluated using STATISTICA (Statsoft,
998). Data from three samples was reported as means± standard
eviation. Differences were tested for signiﬁcancewith the ANOVA
rocedureusing theDuncan testwith a signiﬁcance level ofp<0.05.
. Results
As shown in Fig. 2, the oil yields obtained from Z. jujuba leaves
anged from 8.61% to 10.31% based on dry weight. Sfax was the
ichest ecotype and Choutrana had the poorest oil content.
.1. Free fatty acids
The typical GC proﬁle (Fig. 5) showed a large variation in fatty
cid content between the four ecotypes (Sfax, Choutrana, Mahres
nd Mahdia).
In order of decreasing values, the major FAs in these oils
Table 1) were: linolenic acid =omega-3 (42.04%), palmitic acid
23.04%), oleic acid (13.08%), linoleic acid (12.19%), stearic acid
9.8%), behenic acid (3.47%) andmyristic acid (2.5%). This largequal-
tative andquantitative oil composition of Z. jujuba leaves enhances
ts use in pharmacology and cosmetics.
The large proportion of linolenic acid (omega-3) illustrates
he high levels of unsaturated FAs (the sum of monounsatu-rated and poly-unsaturated FAs), varying from 53% to 60%. The
richness of unsaturated FAs, which have a multitude of uses in
pharmacological activities, could reduce the incidence of human
illnesses such as coronary heart disease, other heart diseases,
diabetes, and certain types of cancer. This richness also means
that leaf extracts have a high nutritional value. Some authors
have conﬁrmed this evidence (Berra, 1998; Lunn and Theobald,
2006).
3.2. Sterols
The sterol content of Z. jujuba leaves is presented in Table 2.
Sterol levels reached up to around 64mg/100g. -sitosterol and
stigmasterol were among the major components in all ecotypes
(Fig. 6).
-sitosterol was high for all ecotypes, with the maximum in
the Mahdia ecotype (40.36mg/100g oil). This sterol was down
to 37.32mg/100g oil in Mahres ecotype. It was detected at lev-
els of 32.25mg/100g oil and 33.77mg/100g oil in Choutrana and
Sfax, respectively. The stigmasterol varied from 18.06 (Sfax) to
24.18mg/100g oil (Mahdia).
Others sterols such as delta-5-avenasterol were present in the
Z. jujuba leaves at levels of 6.91, 6.19, 5.2 and 3.88mg/100g oil in
Mahdia, Sfax,Mahres andChoutrana, respectively. The campesterol
was detected only in Sfax, Mahdia and Choutrana with 1.1, 0.8 and
0.6mg/100g oil, respectively.
Stigmastanol was present in Z. jujuba leaves at a level of
2.29mg/100g oil but only in the Sfax ecotype.
This information on the phytosterol composition of Z. jujuba
leaves conﬁrms the use of this plant to heal many ailments
and incites further investigation for natural cosmetic products
(Chebouat et al., 2013). In fact, plant sterols are very important to
humanhealth aswell and can reduce dietary andbiliary cholesterol
absorption in the intestine (Harrabi et al., 2007).
Table 2 also shows the approximate composition of triter-
pene alcohols and methyl sterol fractions of the four ecotype leaf
extracts. Of these compounds, squalene, cycloartenol and citrosta-
dienol were the main components of these fractions. Methylene
cycloartenol was only detected in Mahdia and Sfax ecotypes at
levels of 1.47 and 1.18mg/100g oil, respectively. This richness of
triterpene alcohols and methyl sterols, especially citrostadienol,
is important because they may be used as antioxidants (Malecka,
2002).
Table 1
Fatty acid composition (%) of Z. jujuba leaves according to provenance (Sfax, Choutrana, Mahres and Mahdia).
Fatty acid Saturation Sfax Choutrana Mahres Mahdia
Lauric C 12:0 0.40±0.43a 0.74±0.07a 0.69±0.02a 0.69±0.03a
Myristic C 14:0 2.50±0,12a 2.14±0,1b 2.39±0,04a 2.48±0,02a
Palmitic C 16:0 23.04±0,39a 20±1,67a 21.12±0,32a 21.17±0,5a
Stearic C18:0 9.82±0,26a 9.80±1a 9.5±0,23a 9.5±0,35a
Oleic (omega-9) C 18:1n9 13.08±1.29a 8.88±1.23b 7±0.31b 7.76±0.67b
Linoleic (omega-6) C 18:2n6 12.19±0.15a 9.79±0.81c 10.93±0.05b 12.05±0.13a
Arachidic C20:0 2.38±0.07b 2.47±0.15b 3.13±0.08a 3.24±0.08a
Linolenic (omega-3) C18:3n3 34.38±0.1b 34.4±1.58b 42.04±0.83a 39.55±1.3a
Behenic C22:0 1.98±0.18d 2.61±0.06c 3.22±0.03b 3.47±0.07a
Omega-6/omega-3 0.35 0.28 0.26 0.30∑
Poly-unsaturated 46.57 44.19 52.97 51.60∑
Mono-unsaturated 13.08 8.88 7.00 7.76∑
Saturated 40.12 37.76 40.05 40.55∑
Unsaturated 59.65 53.07 59.97 59.36
I/S 1.48 1.41 1.50 1.46
The ﬁrst number indicates the length of the fatty acid chain and the second indicates double bonds (all cis) showing the location of the double
bond(s).
∑
Saturated=C12:0+C14:0+C16:0+C18:0+C20:0+C22:0.
∑
Mono-unsaturated=C18:1.
∑
Poly-unsaturated=C18:2+C18:3.
∑
Unsaturated:
∑
mono-
unsaturated+
∑
poly-unsaturated. The data are the mean values of three measurements± SD (standard deviation). For each column, values with the same alphabetical
letter indicate no signiﬁcant difference at 5% by the Duncan test.
Table 2
Sterol composition (mg/100g oil) of four Tunisian Ziziphus jujuba provenance (Sfax, Choutrana, Mahres and Mahdia).
Ecotype Compound Sfax Choutrana Mahres Mahdia
-Sitosterol 33.77±0.1c 32.25±0.07d 37.32±0.8b 40.36±0.66a
Stigmasterol 18.06±1a 18.55±0.01b 22.94±0.03a 24.18±1.21a
d-5-Avenasterol 6.19±0.7a 3.88±0.08c 5.2±0.12b 6.91±0.05a
Campesterol 1.11±0.24a 0.55±0.1b * 0.81±0.11a,b
Stigmastanol 2.29±0.16b * * *
Squalene 142.03±7.16a 71.76±1.46c 101.82±4.1b 99.28±1.47b
Cycloartenol 56.18±2.42c 64.99±0.76b 68.55±0.06a 8.78±1.42d
Citrostadienol 10.46±2.16a 6.61±1.87b 12.27±0.7a 10.76±0.56a
Methylene cycloartenol 1.18±0.32a * * 1.47±0.79a
*
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.3. Total polyphenol contents
As shown in Fig. 3, the relative amounts of polyphenols in Z.
ujuba leaves varied between 3.97mg GAE/g (Sfax ecotype) and
.04mg GAE/g (Mahres ecotype).
The typical GC proﬁle showed a large variation between the
our ecotypes (Sfax, Choutrana, Mahres and Mahdia). The major
avonoid observed was Apigenin with a rate of about 6.1mg/g of
ig. 3. Total phenolic contents (mg GAE/g) of four provenances of Ziziphus jujuba leaf ex
ere calculated at the threshold of 5%.mn, values with the same letter indicate no signiﬁcant difference at 5%.
driedmaterial in theSfaxecotype.Mahres leavesexhibitedan inter-
mediate rate of about 0.9mg/g. The lowest value (0.2mg/g) was
observed in the Choutrana ecotype.
Rutin was the second highest polyphenol from the leaf extracts
at levels of 1.9mg/gand0.9mg/gof the total polyphenols in theSfax
and Mahdia ecotypes, respectively (Fig. 4). Rutin rates decreased
slightly to 0.45mg/g and 2mg/g in leaves from the Mahres and
Choutrana ecotypes, respectively.
tracts. The data are mean values of three measurements. The conﬁdence intervals
Fig. 4. Rutin and apigenin amounts of Ziziphus jujuba leaf extracts. The data are
mean values of three measurements. The conﬁdence intervals were calculated at
the threshold of 5%.
Fig. 5. Fatty acid composition of Ziziphu
Fig. 6. Sterol composition of ZiziphusKnowing the rutin and apigenin content in Z. jujuba leaves can
be useful in order to implement them in pharmaceutical drugs and
food supplements. In fact, polyphenols have attracted high interest
from scientists due to their wide range of effects such as antimicro-
bial, anti-inﬂammatory, antitumor and anti-sweet (Selloum et al.,
2003; Guo et al., 2011).
4. Discussion
The results of the free fatty acids of Z. jujuba, especially linolenic
acid (42.04%) and palmitic acid (23.04%), were quite different from
those reported for Z. lotus, where the main compounds were oleic
acid (88.12%) and elaidic acid (7.88%) (Ghazghazi et al., 2014). Wei
et al. (2014) noted a higher value of linoleic acid (62.04%) in Aver-
rhoa carambola leaves.
Unsaturated FA levels found in Z. jujuba leaves grown in Tunisia
were compared to those obtained by Abdeddaim et al. (2014) for
s jujuba leaves (Chromatogram).
jujuba leaves (Chromatogram).
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Miziphus lotus fruits (71%).Wei et al. (2014) once again noted higher
alues for unsaturated fatty acid levels with 77% in A. carambola.
Stigmasterol and -sitosterol were the predominant sterols in
eaf extracts. This was conﬁrmed by Elaloui et al. (2011, 2014a,b)
n Z. jujuba pulp and seed extracts. She obtained 27.32mg/100g
nd 16.12mg/100g for stigmasterol and 214.32mg/100g and
0.65mg/100g for -sitosterol in seeds and pulp, respectively.
ther sterols such as stigmast-5-en-3, 7-diol and stigmast-5,
2-ene-3, 7-diol have been isolated from the Z. jujuba pulp (Wu
t al., 2014a,b).
Suttisri et al. (1995)mentioned the existence of triterpenoids in
eaf extracts of the Zizyphus species but no study found cycloartenol
nd citrostadienol in such products.
However, focusing on Z. jujuba pulp, Lee et al. (2003) showed
hat they were rich in triterpenoic acids such as colubrinic, alphi-
olic oleanolic, betulonic, zizyberenalic and betulinic. Wu et al.
2014a,b) detected three other triterpenoids (ilexsaponin B1, ilexs-
ponin B2 and mussaendoside) in the Ilex urceolatus species.
The polyphenol contents of Tunisian Z. jujuba leaves were
ess abundant (6.04mg/L) than those found by Li et al. (2007)
8.53mg/L). This difference could be explained by the richness of
unisian Z. jujuba in the proanthocyanin which causes decreased
evels of phenolic contents (Saleh et al., 2011). Others studies
ave shown that Tunisian Z. jujuba pulp (extracted under the
ame conditions) contained between 10.43mg/L and 15.85mg/L
f polyphenols (Elaloui et al., 2014a,b).
The rutin ratio found in this study was greater (0.9–1.9mg/g)
han that obtained (0.3mg/g) from Heteropterys tomentosa leaves
Paula-Freire et al., 2013). This work conﬁrmed Z. jujuba leaves’
ichness in rutin compared to that found in the pulp (Elaloui et al.,
014a,b). In fact, according to that author, the pulp only contained
.01mg/g of rutin.
The variation in polyphenol levels between species could be
xplained by many genetic and environmental conditions (light,
ipeness, maturity. . .). This idea has been conﬁrmed by other
uthors (Bravo, 1988; Duthie et al., 2000; Chu et al., 2000).
The extraction efﬁciency (solvents, methods and times) and tis-
ue drying techniques could inﬂuence polyphenol levels in the leaf
xtracts (Guo et al., 2011; Lee et al., 2003).
. Conclusion
The biochemical characterization showed that Z. jujuba leaf
xtracts were distinct due to their richness in linolenic, palmitic,
leic, and linoleic acids, and in ˇ-Sitosterol, stigmasterol and
avonoid compounds (especially rutin and apigenin) that justiﬁed
heir use in cosmetics and in pharmacology. The unconventional
nd underutilized Z. jujuba leaves had an interesting biochemical
omposition that could have a variety of uses and beneﬁts. This
ork could help preserve this species by integrating it into sus-
ainable agro-sylvo-pastoral development, especially in Tunisian
rid regions.
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